A simple computed tomography (CT) or magnetic resonance (MR) imaging-guided stereotactic method for guided microsurgical resection of either deep-seated gliomas or tumors adjacent to an eloquent area is described. The technique employs the Brown-Roberts-Wells stereotactic system and twist drills, 2.7 mm in diameter, for the stereotactic placement of 2.4 mm diameter scaled guidance catheters through the calvaria. In a patient with a deep-seated small glioma, less than 2 cm diameter, one catheter was implanted into the center of the enhanced mass through the cerebral cortex. In the other 14 patients, three to six catheters were used which made the tumor border clearer. After implanta tion of the guidance catheters, the stereotactic frame was removed and a standard open craniotomy performed.
Introduction
Patients with gliomas treated by surgery and irradia tion survive longer with a higher quality of life than those treated by radiation therapy alone.') Stereotac tic biopsy is appropriate in many patients with thalamic gliomas, but selected patients with signifi cant mass effect from a solid tumor or a recurring cyst can benefit from resection.') The goal of surgery is the resection of as much tumor as possible to im prove any preoperative neurological deficits without causing new deficits. Deep-seated intra-axial tumors and tumors associated with the motor, visual, or speech areas present a special problem to the neurosurgeon who is attempting to preserve the pa tient's neurological functions while trying to remove the neoplasm. Successful resection with minimal risk of unnecessary cortical or subcortical damage is dependent on the experience of the individual neurosurgeon. Lesions sited deep below the cortical surface are difficult to locate and orient. In addition, the bound ary between the tumor and the surrounding normal brain tissue is often unclear because of infiltration and edema, although well demarcated on computed tomography (CT) or magnetic resonance (MR) im ages. Localization of the tumor and boundary is time consuming. Intraoperative ultrasound is valuable for identifying large tumors, but is not useful for precise localization of the tumor boundary or for small tumors.') A better surgical adjunct is needed to safely remove the tumor with minimal injury to unaffected brain.
Here we describe a new operative technique using guidance catheters implaced by CT or MR imaging guided stereotaxis through twist drill holes before standard craniotomy to locate deep-seated glioma or tumor adjacent to an eloquent area.
Materials and Methods
Fifteen patients with deep-seated tumors or tumor ad jacent to eloquent areas underwent microsurgical tumor resection after the stereotactic placement of guidance catheters through twist drill holes (Ra dionics, Inc., Burlington, Mass., U.S.A.). A Brown Roberts-Wells (BRW) CT stereotactic system (Ra dionics, Inc.) was used for the CT-guided stereotaxis.
The BRW-MRIA-CW Cosman-Wells MR imaging adaptor (Radionics, Inc.) for the BRW CT stereotactic system was used for the MR imaging guided stereotactic surgery, this adaptor is directly compatible with the other standard BRW com ponents so that, once the target on the MR image was identified, it could be stereotactically approach ed in the same way as with the CT-guided method. Patients with poorly demonstrated gliomas on CT scans underwent MR imaging-guided stereotactic surgery. Stereotactic CT or MR imaging was performed with the patient's head secured in an imaging-com patible stereotactic head holder. After intravenous contrast agent infusion, 5 mm axial CT or three dimensional MR imaging slices were obtained through the area of interest. Several target points crucial to the operation were chosen. The number of points depended on the tumor size and location. In deep-seated small gliomas, of less than 2 cm diameter, one catheter was implanted into the center of the enhanced mass through the cerebral cortex. Three to six catheters were used in large tumors to make the border clearer. The goal of surgery was the radical removal of the contrast-enhanced mass ( Fig.  1 upper) , or removal of the high-intensity area on the T2-weighted image if the mass was not contrast enhanced and was located in a silent area (Fig. 1  lower) .
The selection of the optimum and safest surgical approach to a tumor depends on its location and the identification of the relationship of the lesion to the surrounding tissue. The trajectory was chosen based on three-dimensional MR images and cerebral angiograms. The principal surgical approaches were as follows: A transfrontal approach for tumors located anterior to the pyramidal tract, basal ganglia, anterior thalamus, or pineal region; a tem poroparietal approach for tumors deep to the trigone; and a parieto-occipital approach in parietal, occipital, or posterior thalamic tumors.
The system base ring was applied in the operating room with the patient under general anesthesia. The patient was then moved to the scanner unit for imag ing and returned to the operating room with the BRW base frame in place. The imaging data were used to calculate the target points and the anterior/ posterior, lateral, and vertical coordinates were then set on the arc system. The arc was attached to the base frame after the patient was sterilely draped. A twist drill, 2.7 mm in diameter, was used for the stereotactic implacement of the guidance catheters through the calvaria. A scaled silicone catheter, 2.4 mm in diameter, was cut in advance so that the outer end would be flush with the cerebral surface to pre vent displacement during the craniotomy (Fig. 2 up  per) . One catheter was implanted into the center of the enhanced mass through the cerebral cortex for deep-seated small gliomas. Several catheters were placed at the deepest boundary of the longest axis of the mass in large tumors, taking into account the presence of any vital structures. The distance be tween the cortical surface and the tumor, and the path toward the tumor could be recognized with this scaled catheter when the corticotomy was perform ed, and the ideal cortical dissection was easily chosen because of the secure trajectory.
After implantation of the catheter was complete (Fig. 2 lower) , the stereotactic frame was removed. Standard craniotomy and resection of the tumor us ing microsurgical techniques were performed. The ac tual resection of the lesion was independent of the stereotactic frame, so the procedure was free of bulky hardware in the operative field. The stereotac tically implanted catheters defined the site of the cor tical incision and the trajectory through the brain to the tumor and so directed the dissection precisely to the tumor site. Standard spatulas, 10-20 mm in width, attached to self-retainers, were used to create a corridor to the tumor (Fig. 3) by advancing them along the catheter path until the tumor was en countered (Fig. 4) . The resection was completed when the tip of the catheter was seen.
Results
Fifteen patients underwent microsurgical resection of either deep-seated gliomas or tumors adjacent to an eloquent area after stereotactic placement of guidance catheters through twist drill burr holes (Table 1) . All lesions were clearly demonstrated by CT or MR imaging as relatively regular and round. The tumor was located in the frontal lobe in eight pa tients, the parietal lobe in two, and the thalamus in five. In one patient (Case 5), one catheter was im planted into the center of a deep-seated small glio ma through the cerebral cortex. In the other 14 pa tients, three to six catheters were used. In all pa tients the lesion was quickly localized and radical removal was achieved as expected. Nine of the 10 patients whn were neu_rological_l_y normal preopera tively remained normal postoperatively.
One pa tient (Case 6) suffered transient hemiparesis after the resection of the lesion in the pyramidal tract. Five patients presented with preoperative neuro logical deficits, three were unchanged and two were improved postoperatively.
The procedure was al ways simple to perform and no complications were observed.
Representative cases are as follows. Case 5: A 50-year-old male with bilateral grade III astrocytomas in the deep white matter presented because of head trauma.
These tumors were in cidentally found on CT scan. He was alert and neurologically normal on admission. MR imaging showed a 2 cm diameter cystic mass in the right centrum semiovale and a 5 mm diameter mass in the left centrum semiovale (Fig. 5 upper) . He un derwent MR imaging-guided stereotactic surgery with one catheter for navigation in the tumor in the right centrum semiovale. After removal of the tumor (Fig. 5 lower) , interstitial brachytherapy was performed. The tumor on the left side was biopsied and coagulated by a monopolar lesion electrode. He was doing well after 12 months with no recurrence of the tumor on follow-up MR im ages. Case 6: A 31-year-old male with a right frontal astrocytoma grade II was admitted with headache. He was neurologically normal on admission. MR imaging showed an isointensity area on the T, weighted image and a high-intensity area on the T2 weighted image, without gadolinium-diethylenetri aminepenta-acetic acid (Gd-DTPA) enhancement (Fig. 6 upper) . Four guidance catheters were im planted under MR imaging-guided stereotaxis. The tumor was removed with resultant transient left hemiparesis (Fig. 6 lower) . He was doing well 10 months after operation without any neurological deficits. Case 8: A 32-year-old male with a left frontal astrocytoma grade II was admitted following seizure. He was neurologically normal on admission. CT revealed a non-enhanced low-density mass in the left frontal lobe but did not demonstrate a clear tumor boundary. The mass was clearly identified as a low-in tensity area on the Ti-weighted MR image and a high-intensity area on the T2-weighted image. Gd DTPA administration caused no enhancement (Fig.  7 upper) . Three guidance catheters were implanted with MR imaging-guided stereotaxis. The tumor was grossly removed without resultant neurological deficits (Fig. 7 lower) . He was well and asymptomatic 8 months after operation. Case 15: A 21-year-old female with a right thalamic astrocytoma grade II presented with headache, left hemiparesis, and impairment of eye movement. Five catheters were implaced at the deepest boundary of the longest axis of the tumor.
The tumor was resected via the right temporo-occipital approach, followed by radiotherapy (Fig. 8) . Her signs and symptoms were improved. 
Discussion
The techniques of stereotactic craniotomy and stereotactic excision of deep brain lesions have previously been described."o,") The main disadvan tage of these techniques is that the opening may be too small for larger lesions. Our technique is very useful and is very simple. 1,2,4,5,7,9,12,13> No new or ex pensive instruments are required, only a CT or MR imaging-guided stereotactic system with a stereotac tic drill assembly, an operating microscope, and the usual microsurgical instruments. This idea is similar to the volumetric surgery of Kelly et al.3-5) combining the microscope, laser, and computer simulation for image-directed tumor resection. Preoperative CT or MR images and many navigation systems and methods') cannot always predict the intraoperative location of an intracranial lesion, because the lesions are often displaced or distorted by gravity, brain retraction, and cerebrospinal fluid aspiration during the intracranial procedure. We therefore implanted the catheter before craniotomy to reduce the poten tial localization error. Even minute tumors or ir regularly shaped large tumors located in the deep white matter can be localized and resected accurately with our technique.
The technique maintains the surgeon's orientation during both the approach and resection of preoperatively defined mass lesions.
The use of the twist drill made scalp incision un necessary and shortened the time required to place the catheter.
However, this procedure is done without visualizing the cerebral cortex so care must be taken not to cause injury to a cortical vein or artery. In our experience, no bleeding leading to com plications has occurred, and we believe this can be avoided by choosing the appropriate entry point after precise preoperative planning. The entry point should avoid eloquent areas and major blood vessels. Any bleeding that does occur can easily be managed by the craniotomy. No seizures occurred in our patients. 
